their own 'hypothetical mean organism' (HMO) or to HMO patterns of other organisms was studied in 754 strains of 19 mycobacterial species, testing for 91 discriminating characters. The M values of strains of a species to the HMO of other species usually showed a normal distribution, and M values to their own HMO showed either a normal distribution or a binomial distribution, depending on the mean of M values. If the number of test characters was large, the binomial distribution usually resembled the normal distribution.
M . chelonei subsp. abscessus, respectively, as recommended by the International Working Group for Mycobacterial Taxonomy (Wayne et al., 1971; Kubica et al., 1972 ).
The 97 characters tested were described by Tsukamura & Mizuno (1968) . Of these, three showed positive matches and three negative matches, thus, 91 characters were effective in differentiating test strains. The matching coefficients (M values) were estimated according to the following equation:
M (%) = (n, x Ioo)/(n, + n d ) in which n d is the number of characters of the test strain having different code symbols from the HMO and n, is the number of characters having similar code symbols.
The HMO was prepared according to the method of Tsukamura & Mizuno (1968) , and is a slight modification of the hypothetical median organism of Liston, Wiebe & Colwell
The M values for each strain of a species (taxon) to the HMO of its own species and to the HMO patterns of other species were estimated, and the mean of M values (M) for each species and the standard deviation (s) were calculated.
Theoretical considerations. All test characters are regarded as equal. For any one character, the probability that the HMO and the test strain have different symbols (+ -) is p , and the probability that they have the same symbols is q = (I -p). The n characters of the test strain are regarded as a set of n trials, in which the probability that the HMO and test strain have x symbols that are different, and (n-x) that are the same is given by the following equation :
The distribution defined by a sequence of the above probabilities is known as a binomial distribution (Davies, 1949; Kondo, 1944; Okamatsu, 1953 ; Bennett & Franklin, 1956) . The shape of the binomial distribution curve is influenced by the values of p and n (Kondo, 1944; Okamatsu, 1953) . If n x p is greater than 5, the c u . e resembles the normal distribution curve. In this study, n is 91, so ifp is greater than 0.06 (M less than 94 %), a curve resembling the normal distribution curve should be obtained.
RESULTS AND DISCUSSION

Distribution of M values for the strains of each species to
their own HMO and to HMO patterns of other species In most cases, the class value had to be modified before drawing the distribution curve. For example, the distribution of M values of 77 strains of M . fortuitum subsp. fortuitum appeared to be irregular ( Fig. I a) ; but by changing the class value to 2 % so that, for example, the strains with M values of gg % and IOO % were plotted at class IOO %, the curve became a typical normal distribution curve (Fig. I b) .
In only one case was the shape of the distribution curve questionable: the curve for M . intracellulare (76 strains) was bimodal (Fig. 2a) . In an attempt to analyse the origin of the bimodal curve, the strains were divided into two groups: A, consisting of 33 strains with M values to the HMO of more than 94 %; and B, consisting of 43 strains with M values of less than 93 %. New HMO patterns (HMOa and HMO,) were prepared for both groups, and the distribution of M values of both groups to each new HMO was plotted. The distribution curves showed considerable overlap (Fig. 2 b, c) , and the two groups were considered as not separable. The bimodal curve may arise from variability of characters in strains. In both (i) and (ii), the relationships between the species were classified according to three criteria: if the range (G rfi 2s) of two taxa did not overlap, they were classed as clearly separable; if the range (a rfi 2s) of two taxa overlapped, but the two means differed significantly (P less than 5 %), they were classed as partially separable; if the two means did not differ significan.tly ( P more than 5 %), they were classed as not separable. The t-test may be applied to the comparison, as the distribution can practically be considered as normal. Examples of the distribution of M values of the strains of a species to various HMO patterns, and of the strains of various species to the HMO of one species, are shown in distribution, but the M values to their own HMO sometimes showed a binomial distribution, e.g. M . nonchromogenicum (Fig. 4) , or an intermediate between the normal and binomial distribution, e.g. M . fortuitum subsp. thermophilum (Fig. 3) .
As discussed previously, if p is larger than 0.06 (@ less than 94 %), the distribution curve is expected to be of the normal shape, as we have found. The mean M-values for strains of M . fortuitum subsp. thermophilum and of M . nonchromogenicum to their own HMO patterns were 95.6 % and 96.2 % respectively, andp was about 0.04 in both cases. The shapes of the distribution curves were of the binomial distribution type (Figs 3 and 4) . On the other hand, the mean M value for strains of M . fortuitum subsp.fortuitum to their own HMO was This method of numerical identification was used by Tsukamura (1969) for identification of nocardiae, though the basis of the method was not shown at that time.
